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Current Architecture Trend

* Multi-socket nodes with rapidly increasing core counts
 Memory per core decreases

 Memory bandwidth per core decreases

 Network bandwidth per core decreases

* Need a hybrid programming model with three levels of
parallelism
— MPI between nodes or sockets
— Shared memory (such as OpenMP) on the nodes/sockets
— Increase vectorization for lower level loop structures
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Advantages of hybrid MPI/OpenMP

* Reduce number of MPI ranks per node
 Minimize network injection contention

 Avoids the extra communication overhead with MPI within
node

* Reduce memory footprint

* Chance of overlapping MPI communication with OpenMP
thread computation
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What is Reveal

T
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A tool developed by Cray to help developing the hybrid
programming model

Part of the Cray Perftools software package
Only works under PrgEnv-cray

Utilizes the Cray CCE program library for loopmark and
source code analysis, combined with performance data
collected from CrayPat

Helps to identify top time consuming loops, with compiler
feedback on dependency and vectorization

Loop scope analysis provides variable scope and compiler
directive suggestions for inserting OpenMP parallelism to a
serial or pure MPI code
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Steps to Use Reveal on Edison (1)

* Load the user environment
— % module swap PrgEnv-intel PrgEnv-cray
— % module unload darshan
— % module load perftools (current default is version 6.1.2)

* Generate loop work estimates
— % ftn —c —h profile_generate myprogram.f90

— % ftn —o poisson_serial —h profile_generate myprogram.o
* Good to separate compile and link to keep object files
* Optimization flags disabled with —h profile-generate

— % pat_build —w myprogram (-w enables tracing)
* It will generate executable “myprogram+pat”

— Run the program “myprogram+pat”
* |t will generate one or more myprogram+pat+...xf files

— % pat_report myprogram+pat...xf > myprogram.rpt
* It will generate myprogram+pat....ap2 file
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Steps to Use Reveal on Edison (2)

* Generate a program library
— % ftn =03 —hpl=myprogram.pl —c myprogram.f90
— Optimization flags can be used

n”

— Build one source code at a time, with “-c” flag

— Use absolute path for program library if sources are in multiple
directories

— User needs to clean up program library from time to time

* Launch Reveal
— % reveal myprogram.pl myprogram+pat...ap2
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Steps to Use Reveal on Hopper

* To use the newest version perftools/6.1.2, which is built
upon cray-mpich/6.x.x
— % module unload cray-libsci cray-mpich2
— % module load cray-libsci/12.1.01
— % module load cray-mpich/6.1.0
— % module unload darshan
— % module load perftools-lite/6.1.2

* To use perftools-lite/6.1.1 or older

— % module unload darshan
— % module load perftools-lite/6.1.2

* Follow the rest of steps for Edison
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Cray Reveal GUI

File Edit View Help

w poisson_mpipi €

~Navigation. ~Source.
-« ‘ Program View ) ‘ o3 &
- poisson_mpi.c
v allocate_arrays

0.0055 Loop@252
0.0055 Loop@258
- jacohi
9.4596 Loop@325
9.4094 Loop@327
0.0479 Loop@343
0.0370 Loop@354
- main
335342 Loop@148
235715 Loop@161
235289 Loop@163

New to Reveal?
Try "Getting Started”

v make_domains L - -
0.0000 Loop@404 in the "Help" Menu
- make_source
0.0056 Loop@495
timestamp
~Info
; N \
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File Edit View Help
w poisson_mpipi €

~Navigation- ~Sourd
« [Top Loops S ] £+

Compiler
logpmarks

- poisson_mpi.c
v allocate_arrays
0.0055 Loop@252
0.0055 Loop@258

for (1 =1i_min[my_rank]; i <= i_max[my_rank]; i++ )

- jacobi
9.4596 Loop@325 -Lr4 163 for (J =1 <=N; j+ )
9.4094 Loop@327 164 {
0.0479 Loop@343 165 if ( u_new[INDEX(i,j)] != 0.0 ) -
0.0370 Loop@354 166 { [
A4 main 167 my_change = my_change
335342 Loop@148 168 + fabs ( 1.0 - u[INDEX(1,j)] / u_new[INDEX(1,j)] ):
235715 Loop@161 169
235289 Loop@163 |70 5 |0 s 170 my.n =ayn+1;
- make_dom 171 }
0.0000 Loop@404 172 }
- make_source i }
0.0056 Loop@495
timestamp 'T 174 MPI_Allreduce ( &my_change, &change, 1, MPI_DOUBLE, MPI_SUM,
175 MPI_COMM_WORLD );
176
'T 177 MPI_Allreduce ( &my_n, &n, 1, MPI_INT, MPI_SUM, MPI_COMM WORLD );
178
179 if (nt!=0)
180 {
181 change = change / n; v/
Info - Line 161
Aloop was otvectorized because a recurrence was found between "u_new" and "my_change" atline 167.
(R B Compiler
feedback
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Compiler feedback explanation

Eile Edit View Help

w poisson_mpipi €

~Navigation- ~Source - ... obal/project/projectdirs/mpccciyunhe/reveal/edison/poisson_mpi.c
« ‘TopLoops S "ﬂ' ‘ﬁgp”@gown’ E+ ]
v poisson_mpi.c @ L 161 for (1 =1i_min[my_rank]; 1 <= i_max[my_rank]; i+ ) [
v allocate_arrays 162 { i
0.0055 Loop@252 !
0.0055 Loop@258 i :
v jacobi h
94596 Loop@325 ® 00 M-E;ﬁlain ——
9.4094 Loop@327 Expléi'n CC-6290 R N
0.0479 Loop@343 -
0.0370 Loop@354 VECTOR: Aloop was not vectorized because a recurrence was found between i, j)] );
- main @ "var" and “var” at line num.
335342 Loop@148 @ Scalar code was generated for the loop because it contains a linear
235715 Loop@161 recurrence. The following loop would cause this message to be issued:
235289 Loop@163 L p
- make_domains L m;[(i]';;[‘i_'r]‘wo‘ )
0.0000 Loop@404 afi] = b[il: MPI_SUM,
v make_source } -
0.0056 Loop@495
timestamp
_ COMM_WORLD ) ;
‘ Explain other message... ‘ ‘ x Close |
183 if ( my_rank == 0 && ( step % 1000 ) == 0 ) [v]
nfo- Line 163
Aloop was notvectorized because a recurrence was found between "u_new" and "my_change" atline 167.
[ Aloop was unrolled 4 times.
g D) .
Double click
to explain
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Compiler feedback explanation (2)

\| Reveal 800 '\ Explain
.E”e Edit !iEW .Hem Explain CC-6005
W poisson_mpipi 0 SCALAR: Aloop was unrolled.
~Navigation ~Source- ... oballproject/projectdirsimpccciyunhe/revealiedison/poisson_mpi.c The compiler unrolled the loop. Unrolling creates a number of copies of the
P ‘To o N ‘Q loop body. When unrolling an outer loop, the compiler attempts to fuse
Raoop M replicated inner loops - a transformation known as unroll-and-jam. The
. ) — compiler will always employ the unroll-and-jam mode when unrolling an outer
v poisson_mpi.c @ L 16 for (1 =1_ninlmy_rank]; i <= i_max[my_rank]; i+ ) loop; literal outer loop unrolling may occur when unrolling to satisity a
v allocate_arrays 16 { - - - - user directive (pragma).
0.0055 Loop@252 . - . ) o ) ’
00055 Loop@258 63 for (J=1; j <=N; j+ ) This message indicates that unroll-and-jam was performed with respect to the
’ SR 164 { identifed loop. A different message is issued when literal outer loop
v jacobi ) L unrolling is performed, as this transfomation is far less likely to be
94596 Loop@325 165 if ( u_new[INDEX(i,j)] != 0.0 ) beneficial.
. 166
94094 Loop@327 { For sake of illustration, the following contrasts unroll-and-jam with literal
00479 Loop@343 167 ny_change = my_change outer loop unrolling.
0.0370 Loop@354 168 + fabs (1.0 - u[INDEX(i,j)] / u_new[INDEX(1,j)] );
v main @ 169
for(j=0;i<10;i++){
335342 Loop@148 @ 170 my_n=myn+ 1 for (i=0;1<100; i#+) {
235715 Loop@161 171 } alillil = bl + 42.0;
235289 Loop@163 172 } }
v make_domains 173 } }
00000 Loop@404 IT 174 WPLAllreduce ( &y change, &change, 1, MPLDOUBLE, MPL_SUM, for (j=0;1< 10,1 +=2) {
v make_source for (i=0;i<100; i++) {
00056 Loop@495 l 175 MPI_COMM_WORLD ); ) Ji=bj Il +420; »
fimestamp 176 }a[j+1][[]- b{j+1][] +42.0;
T 177 MPI_Allreduce ( &my_n, &n, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD ); }
178
; I for(j=0;i<10;i+=2){
y f(ni-0) for (1=0;1< 100;i++) {
180 alill = bl + 420;
181 change = change / n; }
for (i=0;i<100;i++) {
182 } alj+1]0i = b+ 1] + 42.0;
183 if ('my_rank == 0 & ( step % 1000 ) == 0 ) }
}
Info- Line 163 . )
@ Aloop was notvectorized because a recurrence was found between "u_new" and "my_change" atline 167. | The literal outer unroll code performs the same sequence of memory operations
RIGopWasrTollET e as the original nest, while the unroll-and-jam transformation interleaves
. operations from outer loop iterations. The compiler employs literal
outerloop unrolling only when the data dependencies in the loop, or a control
@ D) flow impediment, preventfusion of the replicated inner loops. Literal outer v

poisson_mpi.pl loaded. poisson_mpi+pat+1119130-3263t.ap2 loaded.
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Reveal scoping assistance

File Edit View Help

w poisson_mpipi

~Navigation-
< | Top Loops S ‘#
v poisson_mpi.c @

v allocate_arrays

00055 Loop@252
00055 Loop@258
v jacobi

\ Reveal

~Source- ... obalproject/projectdirs/mpccciyunhelrevealledison/poisson_mpi.c

E‘ @Qown‘

159 my_n=0;

for (1 =1_min[my_rank]; i <= 1_max[my_rank]; i+ )

9459 Loop@325 -Lr4 163 for (3 =1 ] <= N j+)
94094 Loop@327 164 {
0.0479 Loop@343 165 if ( u_new[INDEX(1,j)] !=0.0)
0.0370 Loop@354 166 {
v main @ 167 ny_change = my_change
335342 Loop@143 @ 168 + fabs (1.0 - ulINDEX(i,j)] / u_new[INDEX(i,{)] );
235715 Loop@161 169
235289 Loop@163
- make_dom (A 1;? , my_n =my_n+1;
0.0000 Loop@404 }
v make_source
0.0056 Loop@495 . .
imestamp R|gh C||Ck to educe ( &my_change, &change, 1, MPI_DOUBLE, MPI_SUM,
M_WORLD );
select loops

@ B

77 —Attreduce ( &my_n, &n, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD );

178

179 if (nt=0) o
(T Pl

B

eInfo- Line 161

@ Aloop was notvectorized because a recurrence was found between "u_new" and "my_change" at line 167.

X Reveal OpenMP Scoping

Scope Loops | Scoping Results

List of Loops to be Scoped

Scope? Line# File or Source Line

M /qlobal/project/projectdirs/mpcce/yunhe/reveal /edison/poisson_mpi.c
v 161 for (11 =1_minlmy_rank]; 1 <= i_max[my_rank]; i+ )
vl 163 for (§=1;j<=N; j+ )

poisson_mpi.pl loaded. poisson_mpi+pat+1119130-3263t.ap2 loaded.
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Scoping Results

File Edit View Help

w poisson_mpipi €

~Navigation
] ‘Top Loops S \Q
v poisson_mpi.c @
v allocate_arrays

0.0055 Loop@252
0.0055 Loop@258
v jacobi
94596 Loop@325
94094 Loop@327
0.0479 Loop@343
0.0370 Loop@354
v main @
335342 Loop@148
235289 Loop@163 @
v make_domains
0.0000 Loop@404
v make_source
00056 Loop@495
timestamp

(< D)

X Reveal

~Source- ... obaliproject/projectdirs/mpccciyunhelrevealledison/poisson_mpi.c

4w ‘@’Qown‘
159 my_n=0;
160
for (i =1 min[my_rank]; i <= i_max[my_rank]; i+ )
162 {
rLSr4 163 for (j=1;j<=N; j+ )
{
if ( u_new[INDEX(1i,])] != 0.0 )
{
my_change = my_change
+ fabs ( 1.0 - u[INDEX(i,j)] / u_new[INDEX(1,j)] );
my_n=myn+1;
}
}
}

174 MPI_Allreduce ( &my_change, &change, 1, MPI_DOUBLE, MPI_SUM,

T
175 MPI_COMM_WORLD );
176

IT 177 MPI_Allreduce ( &my_n, &n, 1, MPI_INT, MPI_SUM, MPI_COMM WORLD );
178
179 if (nt=0)

1An r

~Info- Line 161

® Aloop was notvectorized because a recurrence was found between "u_new" and "my_change" atline 167.

8600

Scope Loops | Scoping Results

Name
my_change
my_n

i
N

i_max
my_rank
u

u_new

Find Name:

Type
Scalar
Scalar

Scalar
Scalar
Scalar
Scalar
Scalar
Scalar

Scope

Private
Shared
Shared
Shared
Shared
Shared

|\ Reveal OpenMP Scoping

poisson_mpi.c: Loop@161

Info

FAIL: Last defining iteration not known for variable that is live on exit.
FAIL: Last defining iteration not known for variable that s live on exit.

FAIL: Private/Shared Scope Conflict.
FAIL: Value/Shared Scope Conflict.
FAIL: unable to determine last iteratin that defines object.

poisson_mpi.pl loaded. poisson_mpi+pat+1119130-3263t.ap2 loaded.
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Suggested OpenMP directives

X\ Reveal
File Edit View Help

———
v poisson_mpipi

~Navigation———————————— ~Source- ... obaliproject/projectdirsimpccciyunhelrevealiedison/poisson_mpi.c

<4 ‘Top Loops S ‘{1‘ ‘@gp” & pown
v poisson_mpi.c @ 159 nyn=o0 (4] X| Reveal OpenMP Scoping
v allocate_arrays 160 ﬁ
— . . . Scope Loops | Scoping Results
00055 Loop@252 for (1 =1_min(my_rank]; 1 <= i_max[my_rank]; i++ )
00055 Loop@258 162 { poisson_mpi.c: Loop@161
v jacobi
Pe 1 i e N Name Type  Scope Info
9459 Loop@325 LSr4 163 for (j=1; j<=N; j+) i
94094 Loop@327 164 { my_change Scalar FAIL: Last defining iteration not known for variable that is live on exit.
00479 Loop@343 165 if (u_new[INDEX(1,j)] != 0.0 ) H my_n Scalar FAIL: Last defining iteration not known for variable that is live on exit.
00370 Loop@354 166 { ———— ——
.p@ 800 |\| OpenMP Directive
v main @ 167 my_change = my_change i Direcive inserted by Cray Reveal. May be el
. sy irective inserted by Cray Reveal. May be incomplete.
335342 Loop@148 168 + fabs (1.0 - u[INDEX(1,j)] / u_new[INDEX(i,j)] ); #pragma omp parallel for defaultinone) \
235715 Loop@161 169 ) unresolved (my_change,my_n) \
235289 Loop@163 @ 170 myn=nyn+l; | shared (my_rankN.i_maxu_new,u) \
. ! ! firstprivate (i)
v make_domains 171 } N |
00000 Loop@404 | 172 } i max
v make_source -
- s 173 } my_rank
00056 :;Z"f:n?: IT 174 WPL_Allreduce ( &ny change, &change, 1, HPL_DOUBLE, MPI_SUM, '
175 HPI_COMM_WORLD ) ; U new
176 -
'T 177 WPI_Allreduce ( &ny_n, &n, 1, MPI_INT, WPI_SUM, MPI_COMM_WORLD );
178 _,
. T s ‘ Copy Directive ‘ ‘ ¥ Close
\ Dl L
oAnfo- Line 161 Find Name: | |
@ Aloop was notvectorized because a recurrence was found between "u_new"and "'my_change" atline 167. )
(Insert Directive | | Show Directive |Close
(< T D)
poisson_mpi.pl loaded. poisson_mpi+pat+1119130-3263t.ap2 loaded.
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Save the directives

8 00 [X| Reveal
File Edit View Help

w poisson_mpipi @

~Navigation- - ~Source - ... roject/projectdirsitraining/2013/Edison2013/reveal/poisson_mpi.c - -
« ‘ Program View S ‘ £+ ’ 4 Up H & Down

= e N e e R I == F sy
316 request + requests+ );
317

318 MPI_Isend ( u + INDEX(i_max[my_rank], 1), N, MPI_DOUBLE, irectives to

I
i = 319 ight [ k], ©, MPI_COMM WORLD
. ) right_proc[my_rank], 0O, _ | , .. .
~ jacobi 1 the original file
2 i &
321 1}
LS

&)gave‘ £+

v poisson_mpi.c [
v allocate_arrays
0.0058 Loop@252

92723 Loop@327

0.0499 Loop@343 g
0.0364 Loop@354 2;2 */Jacobl update for internal vertices in my domain.
v main
// Directive inserted by Cray Reveal. May be incomplete.
33.3559 Loop@148 #pragma omp parallel for default(none) \
235253 Loop@161 shared (f,N,u,u_new,1i,h)
234827 Loop@163 — 325 for (i =1_min[my_rank] + 1; i <= i_max[my_rank] - 1; i+ )
_ y_ | y_
v make_domains 326 {
00000 Loopg@404 327 for (j=1; §<=N j+)
v make_source 208 [
0057 .
a.00s ;::’:f::s 329 u_newlINDEX(i,7)] =
P 330 0.25 * ( u[INDEX(i-1,j)] + u[INDEX(i+1,j)] +
331 u[INDEX(1,j-1)] + ulINDEX(1i,j+1)] +
332 h * h * f[INDEX(1,j)] );:

poisson_mpi.pl loaded. poisson_mpi+pat+1128393-4576t.ap2 loaded. -

=
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Extensive “Help” topics in Reveal

® 0O O IX| Reveal 3 X| Reveal - Loopmark Legend
FEile Edit View Loopmark Legend
e ; b A PatternMatched
v poisson_mpipi
| About ‘ P C Collapsed
~Navigation——— IR el Rl el project/projectdirs/mpccciyunhelr _mpi.c: b D Deleted
e e—
<« | ProgramViey  Shortcuts ‘ & up H ¥ pown H &§ave ‘ % | |P E Cloned
e | L KL d E = — P G Accelerated
= . oopmark Legen T 1 [~ I 1 Inlineq
0.0055 OpanMP:Tips 165 if ( u_new[INDEX(i,j)] !'= 0.0 ) b M Notlinlined
0'0055 Extended Help Ctri+H | 166 { b L Loop
- L el my_change = my_change 4 I\Rll hRAult{threaded
SU5EE Uooposs + fabs ( 1.0 - ulINDEX(i,j)] / u_new[INDEX(i,j)] ); P Sfog:)?:gl\nalysis
9.4094 Loop@327 b V  Vectorized
00479 Loop@343 my_n =my_n+1; “
0.0370 L°9°@354 } a  Atomic Memory Operation
= main @ } b Blocked
335342 Loop@148 @ H c Conditional and/or Computed
MPI_Allreduce ( &my_change, &change, 1, MPI_DOUBLE, MPI_SUM, b f Fused
2 MPI_COMM_WORLD ); g Partitioned
R make_domains b i Interchanged
0.0000 Loop@404 MPI_Allreduce ( &my_n, &, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD ) n  Non-blocking Remote Transfer
- make_source = ~ = = = = p Partial
0.0056 Loop@495 o . b r  Unrolled
timestamp 1 (ni=0) b s Shortloop
b w  Unwound
change = change / n;
}
if ( my_rank == 0 && ( step % 1000 ) 0) >
P 2
nrintf (" N — %A %A mv N — % Ctan 2AA Errar — &a\n" !eveal = EXKended HEIp
( ¥ ) Extended Help .
~Info - Line 163 |7
@ Aloop was notvectorized because a recurrence was found between "u_new" and "my_change" at line 167 Program Library
[ Aloop was unrolled 4 times.
a———n loop or loops to scope. To do this. right-click
ake it a candidate for scoping.
P - ; ; arting the scoping. A new window titled
poisson_mpi.pl loaded. poisson_mpi+pat+1119130-3263t.ap2 loaded. Z/\When ready to startthe scoping, select "Start Scoping®

There is a reduction to a variable which is in a called function.

The OMP programming model does not provide any method for automatically
protecting the reduction variable.

Forthe loop to run correctly. the user needs to protect this reduction with a
lock or change itto an atomic operation.

Note:

Because of current limitations in the analysis. if a global variable is inlined
anywhere into the calling function, it must assume there is an inlined reference
in any loop which has any reference to the variable.

As a consequence of this, Reveal may display this scoping problem when

it does notreally exist

Note:

Since the addition of a lock or changing to an atomic operation may
significantly decrease performance, it may to necessary to clone the function
containing the reduction if itis called from other places where the protection

i

atthe bottom left of the "Scope Loops" tab of the Scoping window. Files listed in the

'~ Create OpenMP clauses or directives
View scoping information by clicking on loops in the navigation panel that have been
marked with a red or green icon. A new window with the title "Reveal OpenMP Scoping”
will appear that contains the scoping information. Variables will be scoped shared.
private or unresolved. Unresolved variables are identified so thatyou can focus on
addressing conflicts or issues that prevent correct parallel execution.
Reduction variables are highlighted with a red 'R’ superscript and inlined variables that
caused an error are highlighted with a red 'I' superscript.

Change the scope of a specific variable by clicking on the scope presented for that variable.

Click on avariable in the "Scoping Results” and see highlighted occurrences of that
variable within the "Source" panel.

~ View and Save OpenMP directives

navigation panel will have a red or green icon added when they contain scoping information.

=

‘ 3 close

‘ x Close ‘
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Reveal helps to start adding OpenMP

* Only under PrgEnv-cray, with CCE compiler
e Start from most time consuming loops first

* Insert OpenMP directives

— Make sure to save a copy of the original code first, since the saved
new file will overwrite the original code

* There will be unresolved and incomplete variable scopes

* There maybe more incomplete and incorrect variables
identified when compiling the resulted OpenMP codes

e User still needs to understand OpenMP, and resolves the
issues.

* Verify correctness and performance
* Repeat as necessary
* No OpenMP tasks, barrier, critical, atomic regions, etc

Office of
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More work after reveal (1)

Reveal suggests: Final code:
55 ' (Lots of changes from Reveal suggestions, but will

still make the code slower than without OpenMP

IR D) PRI RTINS \ directives, so will not use any directives)
unresolved (my_change,my_n) \ ’ y
shared (my_rank,N,i_max,u_new,u
First riv;tey(_i) - - ) \ #pragma omp parallel for default(none) \
P private (my_change,my_n) \
for (i=i_min[my_rank]; i <=i_max[my_rank]; i++) ;Tia::ti ((jr)ny_rank,N,l_mm,l_max,u_new,u) \\
{ : .
for(j=1;j<=N;j++) private (i)
{ L . .
if (u_new[INDEX(i,j)] = 0.0) Ior (i=i_min[my_rank]; i <=i_max[my_rank]; i++)
{ o
my_change = my_change Ior (1=Lj<=N;j++)
+ fabs ( 1.0 - u[INDEX(i,j)] / u_new[INDEX(i,j)] ); i ( u_new[INDEX(i j)] 1= 0.0)
T = e #pra{gma omp critical
}} my_change = my_change
} + fabs (1.0 - u[INDEX(i,j)] / u_new[INDEX(i,j)] );
my n=my_n+1;
}
}
U.S. DEPARTMENT OF Ofﬂce Of }
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More work after Reveal (2)

Reveal suggests:

#pragma omp parallel for default(none) \
shared (f,N,u,u_new,i,h)

for (i=i_min[my_rank] + 1; i <=i_max[my_rank] - 1; i+
+)
{
for(j=1;j<=N;j++)
{

u_new[INDEX(i,j)] =
0.25 * ( u[INDEX(i-1,j)] + u[INDEX(i+1,j)] +
u[INDEX(i,j-1)] + u[INDEX(i,j+1)] +
h * h * f[INDEX(i,j)] );

U.S. DEPARTMENT OF Ofﬂce Of

ENERGY science

Final code:
#pragma omp parallel for default(none) \
private (my_rank,j,i) \

shared (f,N,u,u_new,h,i_min,i_max)

for (i=i_min[my_rank] + 1; i <=i_max[my_rank] - 1; i++)
{

for(j=1;j<=N;j++)

{

u_new[INDEX(i,j)] =
0.25 * (u[INDEX(i-1,j)] + u[INDEX(i+1,j)] +
u[INDEX(i,j-1)] + u[INDEX(i,j+1)] +
h * h * f[INDEX(i,j)] );

-19 -
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Performance with OpenMP added

poisson_omp

Poisson_mpi_omp, 4 MPI tasks, nx=ny=1201, on Edison

N=1200, on Edison

160
45 140
40
— 35 < 120 |
%) ]
2 30 £ 100 —
~ v
O 25 —— € 80
€ £
c— 20 P
5 g «
15
3 [+'4
40
% 10
5 20
0 T 1 0 -
Pure MPI 1 thread 3 threads 6 threads 1 thread 2threads  6threads 12threads 24 threads
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More information

* % module load training

 See example codes, reports, detailed steps in README at:
— SEXAMPLES/Edison2013/reveal

* Documentations:
— % man reveal (when the “perftools” module is loaded)

— Using Cray Performance Measurement and Analysis Tools
http://docs.cray.com/books/S-2376-612/5-2376-612.pdf
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